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WIKD-TUNNEL INVESTIGATION OF CONTROL-SURFACE CHARACTERISTICS -

XXI - MEDIUM AND LARGE AERODYNAMIC BALANCES OF TUO
{fOSE SHAPES AND A PLATH OVEREANG USED WITH
A 0.1,0-ATRFOTL-CHORD FLAP ON AN
XACA 0009 ATRFOIL
By John M. Riebe and Oleta Church

STLMARY

Wind-tunnel tests. have been made to investigate the
characteristics of an NACA 0009 sirfoil with a hd—percent-
ctord flap having medium and large aerodyaamic balances
of elliptical and blunt nose shanes and having a plain
overhang. The results are presanted as aerodynamic
section characteristics for several flap deflections
with the. gap at the flap nose sealed and unsealed.

Tests were also made to determine the effectiveness of

a tab, which was. 20 vercent of the flap chord, on the
plain sealed flap and on the-35-percent-flap-chord
elliptical-overhang flap with gap sealed. %he pressure
difference across the flap-rose seal was also determined
for the plain sealed flap. ) :

Thie results indicate that the slope of the 1ift-
coefficient curve was approximately the same for sll
sealed~gap conditions, except for the flap with a
50-percent-flap-chord elliptical overhang for which the
Slope was about 3 percent larger than the average. A
h-percent reduction of slone occurred as a result of
unsealing the gap at the flap nose on the plain flsap;
whereas a 13- to 17-percent reduction occurred as a
result of unsealing the gap at the flap nose on the
flap with aerodynamic balance. The change in 1ift with
flap deflection .was found to iancresse as a result of
sealing the gap at the flap nose and of changing the
nose shape from elliptical to blunt.
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The effect of unsealinw the gap (except for the plain
flap), increasing the valance length, and changing the
nose shape from elliptical te blunt was to make the rate
of change of flap hinge moment with flap deflection (at
small flep deflections) and with angle of attack more
positive. Some overbalance was found on the 50-percent-
flap-chord overhangs.

Vihen the 1ift was varled by clanging the angle of
attack at zero flap deflection, the center of 1lift was
at the Z24-percent-chord station for all overhangs tested
with gap sealed. The center of 1lift due to angle of
attack end that due to flap aeflectlon generally moved
rearward as the gap waz unsealed.

INTRODUCTIOH

The NACAL is conducting an extensive investigation to
provide experimental data for design purposes and to
determine the section claracteristics of various types
of flap arrangement suitable for use as control surfaces.
The investigation is being made in the Langley 4- by
§-foot vertical tunnel and has included tests in which
flap profile, trailing-edge angle, gap size, flap nose
shape, and balance-chord length have been varied. Most
of these tests have been made, however, of a 30-percent-
chord flap. In the present report, the investigation is
extended to determins the effects of flap nose shape and
balance-chord length on an airfoll having a 40-percent-
chord flap. Data on the pressure across the seal of the
plain-flap nose and a method of applying these pressure
data in the design of internal bhalances are presented.
Teb data are presented for a flap with a plsin overhang
and with aerodynamic balance.

SYMBECLS

The CoefflClentS and the Smeols used are defined
as follows:

cy airfoil section 1ift coefficient <éz )

Cd, airfoll section profile-drag coefficient ——)

Acga increment of section profile~drag coefficient due
0 to flap deflection
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airfoil section pitching-moment ccefficient <> :)
qe

qcf

flav section hinge-moment coefficient (:
tab section hinge-moment coefficient < >
act

Pr, = Py
resultant nressure coefficlent —q

airfoil section 1lift

eirfoil ssction profile drag

airfoil section pitching moment about quarter-
chord point of airfoll (positive moment moves
nose of airfoil up)

flap section hinge moment about flap hinge axis
(positive moment moves trailing edge down)

tab sectlion hinge momsnt about tab hinge axis
{positive moment moves trailing edge down)

chord of basic airfoil with flap and tab neutral

"flap chord from flap hinge axis to trailing edge

‘tab chord Trom teb hinge axis to trailing edge

free~stream diynamic pressurs

static ovressure on lower surface of seal
static vressure on upner surface cf seal
balance chord

angle of attack for airfoil of infinite aspect
ratio (poslitive when nose of airfoil moves up)

flap deflection with respect to airfoil (positive
when trailing =2dge 1s deflected downward)

tab deflection with respect to flap (positive
when trailing edge is deflected downward)

e A —
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'ao,ﬁt

( <§Cm
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cy oc
8216, 176,64

(P, < )
mc
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The subscripts cutside the parentheses represent the
factors held constant during. the weasurement of the
parameters,

APPARATUS AWD MODEL

The tests were conducted in the Langley L~ by 6-foot
vertical tunnel dsscrived in reference 1 and modified as
described in reference 2.

The model, when mounted in the tunnel, spanred the
test section except for clearances of 1/32 inch between
the model and the tunnel walls. With this type of
Installation, two-dimsnsional flow 1s closely avproxi-
mated and the section characteristics of the alirfoil,
the flap, and the tab may be detesrminsd. The model
was attached to the balance frame by torqus tubes that
extended through the sides of the tunnel, The angle of
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attack was set from outside the tunnel by rotating the
torgue tubes with an electric drive.  Flad deflections

" were set.by means of an electrical p081tion indicator
and tab deflections were. set with a templet: The hinge
moments of the flap-were measured with a special torque-
rod balance built into the model. For the tab tests,

tab hinge moments were taken.by dn electrical strain
gage 1nstalled in the model. For the plain sealed flap,
the pressure difference across the seal of the gap at
the flap nose was measured on a manometer

The 2-foot-chord by h—loot-span model.(fig. 1) was
constructed ,of laminated mahogany (except for a steel.
tab), was aerodynamically smooth, and-Was’méde to con-
form to. the NACA 0009 profile- (table I). - It was
equipped with a.0 ).I.OC flao'and a 0 200f nlain tab.

. The flav had a plain-noss’ overhang with a radius of
anproximately one-half of .the airfeoil thickness at the
flap hinge axis and was 8o constructed that it could be-
fitted with aerodynamic.balances that were 35 and 50 pér-
cent of the flap chord. These bdlances were of blunt
and elliptical nose shape. ‘he elliptical nose was a
true ellipse faired tangent to the lairfoil comtour at
the flap hinge axis. The ordinates for the elliptical-
nose overhang are given in table II. The nose radii
shown in figure 1 determined the blunt and plain nose
shapes., The various overhangs consisted of nose blocks
that could be attached interchangeably to the flap at
the hinge axis. In order to keep the 0.005c. gap at the
flap nose (flap gap) constant, these nose blocks were
matched by interchangeable blocks in the airfoil just
forward of the flap. An airtizht fabric confiected the
flap nose and the forward part of. Ehé-airfoil for the
sealed-gap tests‘ - -

The O ZOCf " tab was made of steel and -the nose
radius was approximately one-half of the alrfoil thickness

at the tab hinge axis. The gap at the tab nose (tab gap)‘

was 0,001ec.
TESTS

In order that the test results may be found easily, -
the variouvs flav configurations tested. and. the figure
numbers of the corr‘esnondin’r Dlotted data are given in
table IIT.

ey
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The tests were made at a dynamic pressure of
13 pounds per square foot, which corresponds to a veloclty
of about 71 miles per hour at standard sea-level condi-

tions. The test Reynolds number was about 1,530,000,
Since the tunnel turbulence factor is 1.93, the effective

Reynolds number was aporoximately 2,570,000. The Mach
. number for these tests was about 0.09.

Te maximum error in angle of attaclk anpears to
be ¥G.2°, It is estimated that the flap and tab deflec-
tions were set to within 0,20,

An experimentelly determined tunnel correction was
applied to the 1ift. .The angle of attack and hinge
moments were corrected for the effect of streamline
curvature incduced by the tummel walls. The method used
to determine these corrections is similar to the
theoretically derived analysis presented 1n reference 3
for finite-span models. The increments of drag are
thought to he reasonably independent of tunnel effect,
although the absolute values arse subject -to an undetermined
corrsction., TInaccuracv in ths model construction and
in the assemblv of the interchangeable blocks probably
caused the small amount of flap hinge- moment at zero
angle "of attack and flap deflect*on.

DISCUSSION
Lift

o

The lift-coefficient curves for the flap with a.
plain overhang and wlth aerodynamic balance are-shown in
figures 2 to 11. With the zap sither sealed or.unsealed,
the lift-coefficient curves wers nonlinear at large
Plap deflections .

Tbe slone of the lift-coefficient curve cj,

(table IV) was approximately the same with gap ssaled -
for all flap arrangements regardlsss of aerodynamic-
balance shape or length except for the 0.50ce elliptical-
nose overhang for which the slope was sabout 3 percent
larger. than the average. Unsecaling the gap caused a
) h-percent reduction in slove for the flap with a plain
overnang and a 13- to 17-percent reduction for the flap
with blunt end ellivtical overhangs. For a given balance
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chord and with gap sealed, 1. was approximately the

game regardless of nose shkaps.

The change in 1ift with flap deflection Clgp

increased when the flap gap weas sealed and when the nose
shape was changed. from elliptical to blunt. .The flap
11ft eflfectiveness aéf varied in e similar manner

except that, in the cass of the 0,50cy blunt-nose over-
hang, a5 o decreased when the gap was sealed. It should

be remembered that the naramsters shown in table IV

were measursd ovsr a small flap~deflection range (0° to 5°)
and therefore srs ussed mainly to compare the various

flap conrigurations tested.

Hinge Mom2ant

The curves of flan hinze-moment coefficient as a
function of angcle of attack at a comstant flap deflection
for the flap with plain and balanced overtangs are z21so0
presented in figures 2 to 11,

Por the 0.50ce blunt ovsrhang with gap both sealed
and vnsealsd and the 0.50cy elliptical overhang with
gap unscaled, tre aerodynamic characteristics at largs
flap deflections were not determined bzscesuse of violent
‘osclllations tkat might have damaged the tuanel anparatus.,
Ranges in which oscillations occurred are noted by dashed
lines in the hinge-momsnt curves. Similar oscillations
encountered on another flap fitted with an aercdynamic
balance are discussed in referencs l..

The hinge-moment pearamesters presented in table IV
indicate that en overbalance condition occurred for the
0.50cy blunt-ncse overhang with gap sither sealed or

unsealed. The 0.50ce elliptical overhang had a positive
Chy for both gap conditions and had small negatlve
a

values of chfbf for small flap deflections to about 5°
(figs. 10 and 11).

When section data are anplied to finite spans, the
aspect-ratio corrections for streamline curvature are
always positive (reference 5). Since the hinge-moment
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varameters for several arrangements of the flan with
balanced overhangs are very small and the signs critical,
‘the slopes may mass fhrough zero and an overvalanced flap
may result.

The effect of sesling the flap gap was to make Chf
a

and Chfaf more negative except that, with the flap

having a plain overhang, the opnrosite effect occurred.
Increasing the balance length made both hr, and chf5
' T

mors positive. Por a given balance chord, greater balance
was obtained at small flap dsflections w;th the blunt nose
than with the elliptiecal nose.. Examination of the curves
shows, howsver, that, at lergs flap deflections for the
0.55cf overhaqg, the elliptical-nose overhang had the

greater balancing sPfect. Ths variation of the hinge-
moment parasmeitsers with overhang for the elliptical and
blunt nose is shecwn in figure 12,

Pecausse the hinge-morment parameters shown in table IV
and fizure 12 repressent the slopes of the curves at zero
flap deflection and anzle of attack, these parameters.should
be used mainly as an indication-of_tke relative merits of the
different flanm nose shaves. 3ecause ths tabmlated slopes
are valid for only small rangses, the slovnes from the
hinge-moment-coefficisnt curves rather than the values
of table IV shiouvld be used in calculating the charac-
teristics of s control surface.

The present Investigation did not include. tests:to
determine the effect on flan hinge moment._ofcrsealing
the tab gap. It is thought that the flap hinge moments
for a flap without a tab (or with tab gap sealed) might
vary somewhat from the flap hinge moments of the model
configurations tested with tab gap unsealed.

Pitching Noment
The values of the pitching-moment parameterS‘(cmcz)qﬁﬁ;

and (cmcz) in table IV determine the position of
G'O;

- the center of 1ift with respect to the quarter-chord-point

of the airfoil. When 1ift was varied by changing the

angle of attack with a flap derflection of 0°,. the center:
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of 1i7t was at anproximately the 0.,2Lic station for all
overnangs tested with gan sealed. Tnsealing the gap
had 10 effect on the cente>» of 1lift of the v»lain flan
hut moved tre center of 11t rearvard to the 0.25c sta-

tion for the 0.35¢ overhang and rearward to the (.26c sta-

tion Tor the 0.50c overhang.

e following tabhle zsives the nosition of the center

f 1ift caused by flap deflection:

Pogition of center of 1ift caused
by flap deflection
Wlap gap 0.55cp overhang | 0.50¢cs overhang
Plgin

overaang | Blunt {Z1lliptical| Blunt{Ellintical

< 1.08e nose © nose nose

Sealed C.37c {0.38¢{ 0.37c O.Bgc 0.38¢

0.005¢ .30¢c .59¢ 3 .33¢c Jle

™hege data indicate that the c2nter of 1ift generally
rmovad rearvard as the flap gap waes ungealed. Increasing
the balaace chord gnd chanzging the nose share from
gllintical to »lunt wmoved the center of 117t rearward

for the ssaled-gap condition and forward for the unsealed-
gap condition.

"he mosition of the center of 1ift caused by flap
deflection is a Ffunction of the aspect ratio (refersences §
and 6) zad moves toward the tra’ling edge as the aspect
ratio decrezses,

Drag

Beceuse of an undetermined tunnel correction, the
measured values of drag caunot ve considered accurate;
relati ve drag valuvss are thought to be reasonably
indspendznt cf tunnel effect and were therefore used.
The smallest percentage increase in orofile-drag coef-
ficisnt caused at zero angle of attack and flap deflec-
tion by replacing the plain flan» with a flap with
balanced overhang was obtalned with ths blunt-nose
overnangs. Thae ircrease in Cdo ranged from 0,0006

3 o T ey - T Ty T —
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for the 0.35¢, overhang with flap gap sealed to 0.0017
for the 0.50cy overhang with flap cap sealed. The 0.50cy

elliptical overhang with flap gap sealed had the largest
increase (0.0037) in cg over that for the airfoil with
the plain flap. °

The increments of nrofile-drag coeificient caused by
flan deflection Acdo for the flap with a nlain overhang

(fig, 13) were gererally larger with the gap oven than
with the gap sealed. Since the blunt-nose overhang gave
smaller increwents of drag than the elliptical-nose over-
heng at: Ehall: flap defléctions -~ such as may be-necessary
for the trim change - the increments of drag are presented
for only the 0.35cy and 0.50cy dlunt-nose overhangs
(figs. 1 and 15, resvectively). For tke 0.3%5cy blunt-
nose overhang, lower increments of drag occurred with

gap unsealed than with gap sealzd. Thé 0.50ce blunt-
nose overhang had lower increments of drag with gap
sealed except that, at an angle of attack of 8°, the
increments were larger with gap sealed than with gap
unsealed,

Tab. Characteristics

Only a limited investigation of tab characteristics
has been ace because the tab characteristics of a flap
with aerodmamic balance are generally indevendent of
flap nose sliene (reference 7} and are similar to those
“or a tab on a nlain flap (references 2 and 7). The
present investigation included tests of balancing and
unbalarcing tabs on the nlain sesaled flap (fig. 16) and
on the sealed flap with the 0.35c¢ce elliptical overhang

ob
(fig. 17) withk 553 = -1.and.l1. TPor the tests with bal-
iy
dncing tabs, %%f = -1 was found to be too large since

some overbalance occurred.

The flap with the 0.50cs blunt-nose eoverhang, which
was fommd to be overbalanced throughout most of the
deflscted range, could be modified by using a tab
deflacted in the same direction as the flap. This
arrangement should increase the 1ift effectiveness and
provide the desired hinge moments. No data have been
obtained for thils condition, however.
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Pressure Difference across the Plein Flap Seal

The varistion of resultant pressure coefficient
across the seal of the plain-flap nose with angle of
attack at a constant flap deflsction is shown in figure 18,
The change in resultant oressure coelficlent with angle of

P
attack —& was generally found to increase with
aO/@f,ﬁt ’
increeasing flav deflection.
The resultant nressurs cosfficient of the plain flap

is useful in determining hinge-momsnt coefficiznts of
flaps with internal balaances. It can bs shown that

-

(Chp) = Chf + PRK (1)
T.3.
where

Ch section hinge-moment coefficient for flap with
f)r.e. internal balsnce -

Chyp section hinge-moment zoefficient for vlain
flap with gar ssaled
Pn resultant pressure coefrficient
2 \2 )
cy/c - (t/c
K= ( b f> 5 < i (see fig. 19).
t semithickness at hinze

Me Gata of figure 18 can ve used with that of fig-
ures 5 to determine tre flap section hingze-rioment coeffi-
cient at a given anzgle of attack and flar deflsction for
e 0,.0c flap with an internal balance on an HACA 0009 eir-
foil. Tne values of K are presentsd in figure 19 as a
function of balance chord. Hkinge-moment parameters Ch,

and oh5 detzrrined from hinge-moment coefficients
g

obtained by eguation (1) are presented for various lengths

of intermal balance in figure 12,




12 JACA ARR do. IHCOl
CONCTUSIONS

The results of tests of an HACA OCC9 airfoll with
a lj0~percent-chord flap having various arrangasmants of
overhang and nose shave indicate the following conclusions:

- 1. The slownz of *he 1llft-coefficient curve was
avproximately the same for 211 sesled-gap conditions
regardless of asrodyaaric-balance shaps or length,

excent for the elliotical-noss overhang with a 50-percent-
flap chord for which %the slope was about 3 percint larger
than the average. TUnseallng the gap reduced the slope

ly percent for.the flar wita plain ovarhang and 13 to

17 percent for the fla»n with aerodynamic balanczs.

2. The change in 1ift with flap deflection incrsased
with sealing of thé flap zap and with chénging of the
nose shape from ellintical to blumt,

5. Unsegling tha Tlav gap (excapt for tke nlain
flap), increasing the balance length, ard chanzing the
nose shaps from elliptical to blunt made the rate of
ckhange of flap hinge moment with flan deflection (at
small flep deflectionas) and with angle of attack more
positive (or less negative). :

L. with gap either sealed or unssaled, soms over-
balance was fcuand on the 50-percent-chord blunt-nose
overhang.

5. When the lift was variad by changing ths angle
of attack at zero flavo deflection, thz canter of 1lift
was at the 2l -vercent-crord station (0.2lc) for all
overhangs tested with gao sesaled,

6. The center of 1ift due to flap deflection and
that due to angle of attack gensrally woved rearward as
the gap was unsealed.

Langley Lemorial Aeronautical Laboratory
Wational Advisory Committee for Aeronautics
Langley %™ield, Va.
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TABLE X
ORDINATES FOR NACA 0009 AIRFOIL

[Stetions and ordinates in psrcent of airfeil chord]

Crdinates
Station TToper Lower
surface surface
0 0 0
1.25 1.2 ~1.2
2.5 1.65 -1,05
5.0 2.67 ~-2.67
7.5 5.15 -3.15
10 ?.51 ~3.51
15 ﬁ.Ol -1,01
20 i1.50 ~l.50
25 g.ﬁs -y.ﬁé
50 1].!...?0 —1-1-059
: | 3
S "J.Q
60 z Lz -5.02
0 2.75 ~2.79
0 1.97 -1.9
90 1.09 -1.09
95 .60 ~-.60
100 (.19) (-.10)
120 0 0
. 1,-7. nadius = 0,39

FATIQFAL ADVISQRY
COIT ITTEE TCR AZAONAUTICS
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TLABLT II
STLTTONS AND ORDINATES +“OR ZLLIPTICAL-NOST
0.3%cr and 0.50cs OVOREANGS

[Etations and ordinates are ia percent chord; stations
measured from leading edge of overhanéi

0.35c¢ overhang . 0.50¢cy overkang
Station Ordinate Station Ordinate
0 8] 0 0
.03 .21 .03 .21
.10 A2 .11 A2
.20 NE .25 62
.35 .2 A5 .3
.5l 1,00 .70 1.0
. 1.25 1.G2 1.25
1.53 1.4 1.%0 1.46
1.45 1.?5 1.86 1.22
1.3 1.8 2.0 1.88
2.51 2.03 3,52 2.08
2.87 2.29 3.75 2.29
;.55 2.50 .61l 2.50
.31 2.71 5.62 2.71
5.26 2.62 6.6 2.92
6.7 3.12 8.Eg 3,12
8.21 3,33 10.L6 5.33
11.63 .49 15.79 3.5
1,01 502 20.00 500

NATIOAL ADVISOIY
COMMITTEE FOR ARERONAUTICS
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TABLE IIT

FLAP CONTIGURATTIONS TESTED

Flap-deflection Tab-deflection
Overhiang Flap gap range Tab gap range o gure
(deg) (deg) ,
Plain 0.005¢c 0 to 30 0.001c 0 2,13
Plain Sealed 0 to 30 .001c 0 i,l
0.35cr blunt 0.0C5¢c 0 to 25 .00lc 0 ,1
0.35¢cy blunt Soaled 0 to 25 .C0lc 0 5,1l
0.35cy elliptical 0.005¢ 0 to 25 .001c 0 6
0.55¢cy ellintical Sealed 0 to 25 .00lc 0] T
0.50cy blunt 0.005¢ 0 to 15 .001c 0 8,15
0.50cs blunt Sealed 0 to 18 .00lc 0 - 9,15
0.50csy elliptical 0.005¢ 0 to 20 .001c 0 10
0.50ce elliptical Sedled 0 to 20 .0G01lc -0 11
Plain -~do~~ 0 to %0 .001c -30 to 30 16
0.35ce elliptical --do~- 0 to 20 .001lc -20 to 20 17

-t

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV

PARAMETER VALUES FOR 0.40c FLAP WITH PLAIN, 0.35cp, AND 0,50cy OVERHANGS ON NACA 0009 AIRFOTL

[Slopes were taken at zero flap deflection and angle of attackj

c = c = Ch = c = cm = c =
la Log fa hfg, ( CL)5f,5t mc a 5
ocy b ac > 3¢ or-t
Nose shape| Flap gap||3;- <35£> < ) he ( chr m
0'6p,64 £/as,8¢ ¢804\ Cc 3%, dcy bcz
° 6r,8¢ 25,0 £o0¢ 015t
Plain overhang b
Plain Sealed 0.100 0.068 -0.68 -0,0081 -0.0130 0.0050 -0.123
Plain 0.005¢ . 096 .06l - -.0092 -.0136 L0052 -.135
0.35¢¢ overhang
Blunt Sealed 0.098 0.070 -0221 -0.,0040 -0,0042 0.0092 -0.132
Blunt 0.005¢ .083 .028 - g -, 001 -.0037 0 -.13
Elliptical|Sealed .099 . 062 - -.00h; -.0061 .0131 -.11
Elliptical| 0.0050 .083 .050 . =e61 -.0020 -.0052 0 -.17%
0.50cy overhang
Blunt Sealed 0.099 0.073 ~0,71 0,0017 0.,0073 0.0050 -0.145
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